CMS. The two must also be analyzed together. Indeed, there is no reason to neglect one or *
other. The purpose of this paper to present an analysis of the two kinds of CPV effect in observations of The Boson , thereby providing a better means to discriminate between the SM Higgs and other bosons beyond SM.
To start a general investigation, we first review a Higgs electroweak chiral effective theory in Sec.II. The proposal in Ref. [5] is a development with a scalar Higgs from the electroweak chiral Lagrangian in Ref. [6] . As electroweak symmetry can be broken according to many models that go beyond the SM, such as the strong coupled Higgs model, where the La- 
II. NONLINEAR-REALIZED EFFECTIVE HIGGS LAGRANGIAN
In the section, we review the construction of a nonlinear-realized effective Higgs Lagrangian presented in [5] and generalize it to include CPV terms.
The Goldstone bosons is expressed as unitary unimodular matrices U that are associated with the cosets of SU (2) L ⊗ U (1) Y /U (1) em . A physical Higgs after EW symmetry broken is labeled by a singlet scalar h. The covariant derivatives of the Goldstone fields are written
Here, W a µ (a = 1, 2, 3) and B µ are SU (2) L and U (1) Y gauge fields, respectively. We adopt SU (2) L covariant building blocks [6] 
to express the effective Higgs Lagrangian. As h is a singlet scalar, it couples to an effective field operator O in any way
The high power of the Higgs field implies that a strongly coupled case appearing at energy scale Λ has been recovered. The factor including the Higgs field in Eq.3 can be integrated into a random function for h, i.e., the Higgs field h is counted as order p 0 . The lowest order of the chiral Lagrangian is just that of the Higgs potential
The details of V (h) depend on the nature of electroweak symmetry breaking. In general, the function can be expressed as a power series in the Higgs field
includes the mass term (for i = 2) and all possible self-interactions. The next-to-leading order is p 2 for this Lagrangian,
in which f takes the scale of spontaneous breaking for electroweak symmetry and denotes trace in the weak isospin space. The first term is the Lagrangian of the nonlinear sigma model. The second corresponds to leading-order custodial symmetry-violating interactions.
Because β depends on the Higgs field h, it involves interactions with the EW gauge bosons.
When neglecting the non-standard EW rotations between W 3 µ and B µ , the term yields the H N ZZ vertex with N Higgs legs. The last term in Eq.5 is the Higgs kinetic term.
The Lagrangian at p 4 order can be divided into three contributions,
with kinetic term L K , interaction terms without derivatives of the Higgs L B , and those with derivatives of the Higgs L H . The kinetic term can be expressed as
L B has a similar form to the electroweak chiral Lagrangian in [6] 
Here, a superscript (i) attached to an α coefficients indicates the number of obvious partial derivatives of the Higgs field. As we have mentioned, the coefficients depend on the Higgs field h, i.e.,
For convenience, we omit the functional symbol and denote this as α
The contribution L H with the derivatives of the Higgs field can be written as
Note that five new terms corresponding to α
(1) j for j = 8..12 that go beyond the effective Higgs Lagrangian in ref. [5] have been added, and thus L H breaks CP.
Aside from the above bosonic contribution, the Lagrangian involving the fermionic interactions can be generalized as It is valid for The Boson found at the LHC.
III. HV V EFFECTIVE VERTICES AND UNITARITY CONSTRAINTS
Starting from the effective Higgs Lagrangian, we can read off the full interaction vertices.
In this section, we focus on the Higgs interaction with EW gauge bosons. From the point of view of experiment, the interactions should include all possible tensor structures which can be measured at colliders. The vertex function
Here, a V rescales the SM coupling and b V and c V are the CP conserving and CP violating couplings, respectively, that depend on momenta. They are related to the effective Lagrangian coefficients by
with p = q 1 + q 2 and k = q 1 − q 2 . We find that a Z , b Z , and c Z stem from not only L H but also L B . The latter is suppressed by the strong coupling scalar Λ. 
That is, the p µ p ν -type coupling in Eq. (9) involves a worse case than one in the standard EW theory that yields only s 2 -order divergence when removing the SM Higgs exchange contribution. To avoid the catastrophe, we must limit the vanishing of b W . The left divergence at order s 2 is similar to the SM case. We must set a W = 1 to cancel the s 2 -order divergence to recover unitarity of the W W scattering amplitude.
Similarly, we find the same results in ZZ scattering:
• c Z gives no contribution to the ZZ scattering amplitude;
• b Z is restricted to zero in order to cancel the s 3 -order divergence;
• a Z must take unity to cancel the remaining divergence in the ZZ scattering amplitude without Higgs exchange. • case 3: multi-CPV Higgs only with g f E = cos θ and other parameters free-this is a simple combination between CP mixing and CPV couplings to EW bosons.
IV. CPV EFFECTS AND LHC
• case 4: the most general Higgs with all parameters free-this is an extension of case 3 with flavor dependent CP mixing angles. Now, let us consider the Higgs decay widths at the LHC. ATLAS and CMS have measured signal strengths at ZZ * , W W * , γγ, τ τ, bb decay channels. They are sensitive to different parameters.
Under the narrow width approximation, we get the width of Γ H→V V ( * ) →4l (V=Z or W)
Here m 
where D is 64(32) for V=Z(W) and the β is defined as
The sequential decay widths of Z or W into fermions are
Higgs di-photon decay is an important channel appearing at one-loop level. 
where
and τ i = 4m
. The Higgs decay to fermion pairs can be expressed as
with QCD correction factor R f from the scalar and pseudo-scalar decays [12] .
V. FITTED RESULTS
The signal strength of pp → H → XX at the LHC has been measured by ATLAS and CMS (in Table I ). In theory, the signal strength can be calculated using the narrow-width 
However, to calculate Higgs production channels is very complicated. To avoid the problem, we adopt relative ratios of the branching ratios [11] 
with reference µ ref .
Thus it only depends on relative decay widths
Two notable choices of reference signal strength can be made. One includes the sum of all channels µ ref = X=Z,W,γ,b,τ µ X ; the other is that µ ref is independently considered for ATLAS and CMS for the reason that data and processing are independent for the two detectors.
With the above formula, we can constrain the parameters by minimizing the χ 2 function
Figures 1-4 show the allowed area for cases 1-4, respectively. In Fig. 1 , c Z is left more space than c W . The reason is that apart from the H → V V decay, c W also takes part in di-photon decay to constraint it more, but c Z does not. The same case appears in Fig. 3(a) . Case 2 in Fig. 2 shows that the pseudo-scalar couplings g Fig. 3(b) in that the origin which corresponds to SM is out of the 1σ allowed area, thus hinting at new physics. More details will follow using updated LHC data. 
Other parameters are taken from best-fit values. Black dots represent the best fitted points.
In case 4, Fig. 4(a) shows that c Z and c W almost have the same allowed areas as that in Fig. 4(b,c) . 
